ABSTRACT Data on slaughter and stunning protocols in Belgian poultry abattoirs were collected, and subsequently the survival rate after electrical waterbath stunning in 1,400 animals across 7 selected slaughterhouses was determined. The majority of the abattoirs applied electrical waterbath stunning (72%), whereas the other methods were gas stunning (13%), head-only stunning (6%), and dry stunning (3%). In 6% of the slaughterhouses, the birds were killed without previous stunning, according to religious rites (i.e., ritual or religious slaughter). Although religious slaughter occurred in a substantial number of abattoirs, the customers of the majority of them allowed stunning, provided the animals were not killed by the stunning procedure. Substantial variation both in electrical waterbath devices and technical settings (electrical current type, wave type, voltage, frequency) combinations was observed. These settings did not only differ between slaughterhouses, but also between subsequent visits to the same slaughterhouse. Despite this variation, all systems comprised a constant voltage, multiple bird stunner. The minimum average electrical current that every chicken should receive at a certain frequency, as stated by the European Regulation No 1099/2009, was not achieved for each animal monitored due to the bird's characteristics and the different applied stunning settings, with the exception of all ISA laying hens and broiler breeders in one particular slaughterhouse. The survival rate ranged from 96.0 to 100%, 97.0 to 100%, 68.0%, 72.0 to 85.1%, and 5.6 to 52.4% in 5-wk-old broilers, 6-wk-old broilers, LSL laying hens, ISA laying hens, and broiler breeders, respectively. Monitoring of unconsciousness after passing through the waterbath was not always performed and when it was, there was no uniformity in the applied criteria. It was concluded that a large variation in slaughter and stunning practices exists among slaughterhouses in Belgium. Further research should explore the effect of the different settings on inducing a successful stun and on carcass quality, and assess if the observed variation also exists in other EU member states.
INTRODUCTION
According to European Regulation No 1099 /2009 (European Union, 2009 ) on the protection of animals at the time of killing, it is required that animals, including poultry, are stunned by an appropriate method before slaughter and that they remain unconscious and insensible to pain until death occurs. An exception to this regulation is represented by the slaughter prescribed for religious rites (European Union, 2009) , where the animals need to be alive, healthy, and have suffered no injury at the time the neck's blood vessels are severed according to the requirements of the Jewish (shechita), Muslim (halal), and Sikh (jatka) communities. However, some Muslim communities allow stunning before C 2018 Poultry Science Association Inc. Received September 13, 2017. Accepted April 18, 2018. 1 Corresponding author: Kurt.Houf@UGent.be slaughter, provided that the animals are not killed by this procedure (Velarde et al., 2014) .
Though several stunning methods are permitted (European Union, 2009), a report of the European Commission (2013) indicated that the majority of broilers (80%), laying hens (83%), parent flocks (61%), and turkeys (76%) slaughtered in the EU are stunned by electrical waterbaths, whereas controlled atmosphere stunning is applied for 20, 7, 37, and 24% of the abovementioned categories of animals, respectively. Other alternatives are head-only electrical stunning and low atmosphere pressure stunning, the latter currently being only allowed in the United States (European Commission, 2013) .
Most poultry slaughterhouses apply a multiple-bird waterbath for electrical stunning, in which the voltage is applied between 2 electrodes: one is located at the bottom of the waterbath, whereas the other one is the shackle line that is grounded for safety reasons. The electrical circuit is closed when the bird's head 3369 enters the water resulting in an electrical current flowing through the bird, causing unconsciousness (Kettlewell and Hallworth, 1990) . Consciousness is defined as the ability to feel emotions and to control voluntary mobility, whereas sensibility is defined as the ability to feel pain (European Union, 2009 ). In conscious animals, the neurons in the brain are in a depolarized state, but when electrical stunning is applied, this depolarized state is being disrupted by electrical current flowing through the brain, thereby causing unconsciousness and insensibility (Raj and Tserveni-Gousi, 2000) . European Regulation No 1099/2009 has imposed requirements concerning the minimum electrical current that each bird submitted to waterbath stunning should receive in relation to a particular frequency range. Each chicken has to receive a minimum electrical current of 100, 150, or 200 mA when frequencies of less than 200 Hz, from 200 to 400 Hz, or from 400 to 1,500 Hz are used, respectively (European Union, 2009 ). Birds submerged simultaneously in the waterbath can be considered as a series of resistors connected in parallel. This implies that the electrical current flowing through each animal varies according to multiple factors, i.e., the applied voltage, the electrical impedances of the birds (which is determined by its characteristics such as gender, weight, age, etc.), the electrical contacts in the circuit, the depth of immersion (depending on the size of the birds and the height of the waterbath), and the degree of contact between the birds' wings (Kettlewell and Hallworth, 1990; Gregory, 1995) . For example, Schütt-Abraham et al. (1987) have shown that the resistance of laying hens can vary from 1,900 to 7,000 Ω. It is difficult to measure the electrical current passing through each bird during the stunning procedure in slaughterhouse conditions. In such a context, the minimum electrical current is estimated as being the total electrical current flowing through the waterbath, divided by the number of birds that are simultaneously submerged in the waterbath (EFSA, 2012) . The minimum electrical current stipulated in the European Regulation No 1099/2009 is in fact expressed as a minimum average electrical current per each bird. Other factors having an influence on the outcome of the stun are the duration of contact, the frequency, the electrical current type (alternating current [AC] or direct current [DC] ), and the waveform (e.g., sine wave) (Kettlewell and Hallworth, 1990 ).
An epileptic seizure, and hence loss of consciousness, is being induced when a sufficient electrical current reaches the brain of the animals. When insufficiently stunned (i.e., the electrical current reaching the brain is too low), such animals could be immobilized, but still sensitive to pain and stress (Barbut, 2002) . On the other hand, it is also possible that ventricular fibrillation is induced by the electrical current, which means that the birds are killed by the stunning procedure (Gregory and Wotton, 1987; Gregory et al., 1991) . Some birds may pass the electrical waterbath without ever making contact with the water, as they are too small and their heads do not reach the water level or when wing flapping occurs. The latter can also lead to birds experiencing pre-stun electric shocks, which do not induce unconsciousness, and occur when the birds' wings make contact with the waterbath before the head, or by contact with water overflowing at the entrance of the waterbath (Heath et al., 1981; Gregory, 1989) .
In Belgium, between 2014 and 2016, almost 302 million poultry were slaughtered on average each year, of which 99.67% chickens (Gallus gallus), 0.27% turkeys (Meleagris gallopavo), 0.02% ducks (Anas platyrhynchos), and 0.04% other poultry. This amounts to a total slaughtered weight (cold weight) of 449 million kilograms, or 24.63% of the total weight of all animals slaughtered in Belgium (beSTAT-FOD economie, 2017) . Belgium is one of the most important EU exporting member states and, together with the Netherlands, France, Poland, the United Kingdom, and Germany, covers 79% of the total EU poultry meat export (European Commission, 2015) . To date, there is limited information available about current Belgian slaughter practices and, consequently, the implementation of the requirements stated in the European Regulation No 1099/2009.
The aims of this study were to make an inventory of all the Belgian poultry slaughterhouses, to perform an observational study about the use of the electrical waterbath stunning by visiting several poultry slaughterhouses, and to determine the effect of the applied technical settings on the post-stunning survival rate.
MATERIALS AND METHODS

Inventory of Poultry Slaughterhouses
In 2014, all Belgian poultry slaughterhouses were localized based on a (yearly updated) list published on January 1, 2014 by the Federal Agency for the Safety of the Food Chain (FASFC) (FASFC, 2014) . The applied stunning method (gas/electrical/no stunning) in these slaughterhouses was determined via phone or e-mail contact. After this initial screening, slaughterhouses applying electrical or no stunning were contacted again by phone or e-mail and more information was collected about the way of stunning, slaughtered poultry type, slaughter capacity, the market, and ritual slaughter. Four categories of slaughter capacity were arbitrarily defined: very small (<1,000 animals/wk), small (1,000 to 10,000 animals/wk), average (10,000 to 100,000 animals/wk), or large (>100,000 animals/wk).
Survey of Current Practices in Belgian Slaughterhouses (Electrical Stunning/no Stunning)
Based on the results from the inventory, all slaughterhouses using electrical stunning or no stunning were then contacted for an onsite visit. These visits occurred from June 2014 to February 2015 and comprised 18 abattoirs. Per slaughterhouse, a standardized set of questions was used, which were administered to the contact person of the abattoir using a semistructured interview, or were completed through direct observation. The questions covered 7 main aspects of the stunning and slaughtering process: shackling, slaughter line and shackles, stunning device, adjustment and registration of the settings, neck cut, ritual slaughter, and monitoring of unconsciousness. For companies willing to cooperate but unable to allow an onsite visit, information was collected by phone, e-mail, or both.
Survival Rate after Electrical Waterbath Stunning
Following completion and analysis of the survey, 7 slaughterhouses, representing at least 80% of the overall Belgian slaughter capacity, were visited again, from 2016 January to October, to verify the number of animals surviving the stunning procedure. Some abattoirs slaughtered multiple poultry types, some only one. In each slaughterhouse, 100 animals were tested per poultry type. For some slaughterhouses, multiple visits (with a maximum of 7) were necessary to achieve the intended number of animals. In addition, in 2 slaughterhouses, those who used technical settings approaching the requirements of the European Regulation No 1099/2009, an additional 400 animals were examined to confirm the findings from the first batch.
To evaluate the effects of stunning on survival, each tested animal was taken from the line after passing through the waterbath and was placed on a table. It was registered whether the animal regained consciousness or, instead, died. As a reference for regained consciousness, the return of tension in the neck muscles was used, because absence of the neck tension can occur at the same time as suppression of brain activity (Gerritzen et al., 2004) . Assessment of the neck tension was performed by placing the fingers of one hand under the neck and raising it. The neck tension was considered to have returned when the chicken could hold its head up independently. For each tested animal, the applied voltage, frequency, and estimated average electrical current flowing through the chicken were registered. Cameras (Hero 3+ black edition, GoPro, San Mateo, CA), placed at the beginning and end of the waterbath, registered when the chickens entered and left the waterbath. At the same time, another camera registered the technical settings (voltage, frequency, and total electrical current), which were shown on a display of the waterbath stunning equipment. Possible fluctuations in the voltage could not be registered as the waterbaths' displays (either analog or digital) only showed a constant value.
The waterbaths' displays showed the total electrical current. However, European Regulation No 1099/2009 prescribes average electrical currents per animal (European Union, 2009). Therefore, an estimate of the electrical current flowing through the tested animal was calculated by dividing the total electrical current by the number of birds having contact with the water. This calculation was done for every second the tested animal was submerged in the water, in order to calculate an average value per animal. Those data for individual animals were also combined to calculate an average and standard deviation for each poultry type slaughtered in a particular slaughterhouse.
For the additional 400 chickens that were tested, the electrical current was not specifically linked to each of the tested birds. However, cameras registered the total electrical current in the waterbath while the tests were performed, and for every 5 s of images, the total electrical current was noted (approximately 500 data per poultry type in each of the 2 slaughterhouses). Then, an estimate of the electrical current flowing through individual animals was calculated by dividing the total electrical current by the number of birds in the waterbath. Those data for individual animals were also combined to calculate an average and standard deviation for each poultry type slaughtered in each of the 2 visited abattoirs.
For this part of the study, approval to examine the animals at the abattoir was obtained from the Ethical Committee of the Faculty of Veterinary Medicine, Ghent University (EC 2015/32).
RESULTS
Inventory of Poultry Slaughterhouses
According to the list published by FASFC (FASFC, 2014) , there were 39 poultry slaughterhouses operating in Belgium at the onset of the research. Seven abattoirs were excluded for further investigation for various reasons: slaughter of poultry types other than broilers, laying hens, turkeys, or breeders (n = 5); cessation of activities (n = 1), or no response to phone calls or e-mails (n = 1). Of the remaining 32 abattoirs, 26, 4, and 2 slaughterhouses applied electrical, gas, and no stunning, respectively. More information, as described below, was collected on 28 slaughterhouses that applied electrical or no stunning.
Slaughter Capacity Eight of the 28 abattoirs slaughtered less than 1000 animals/wk (very small slaughterhouses that slaughter for private individuals or for their own poulterer shop, or both). The other slaughterhouses were small (n = 5/28), average (n = 7/28), and large (n = 8/28). In the largest slaughterhouse, almost one million animals were slaughtered every week.
Type of Slaughtered Poultry Fourteen of the 28 abattoirs, mainly those with a (very) small slaughter capacity, slaughtered several types of poultry (broilers, laying hens, breeders, turkeys, quails, ducks, etc.). The remaining abattoirs slaughtered a single type of poultry, i.e., broilers (n = 12/28), laying hens (n = 1/28), or turkeys (n = 1/28).
Market The majority of the abattoirs (n = 18/28) supplied, mainly or exclusively, the Belgian market. In addition, there were 3 slaughterhouses (with a large slaughter capacity) of which the products were mainly intended for export. The remaining 7 slaughterhouses (with a slaughter capacity ranging from small to large) delivered their products both in Belgium and abroad (mainly the Netherlands and France). Eighteen of the 28 abattoirs delivered fresh products, 9 others produced both fresh and frozen products, and in 1 abattoir each product was sold frozen. The majority of the slaughterhouses (n = 22/28) produced both whole carcasses and cut or processed products. In 3 of the 28 abattoirs, all carcasses were cut or further processed or both and 3 other slaughterhouses produced exclusively whole carcasses.
Stunning Method In 26 slaughterhouses, different electrical stunning methods were applied: electrical waterbath (n = 23/26), dry stunning (n = 1/26), and head-only stunning (n = 2/26). The latter consisted of systems by which the head was manually held on the stunning system. With the dry stunning method, the animals were hung on the slaughter line, after which the head passed across an electrically charged metal grid. Both the dry stunning and head-only stunning methods were only used in (very) small abattoirs (<10,000 birds/wk). Two slaughterhouses did not apply stunning at all because of ritual slaughter.
Ritual Slaughter Although more than 40% of slaughterhouses (n = 12/28) applied ritual slaughter, (mild) stunning was accepted by the customers in the majority of these abattoirs (n = 10/12). Mild stunning is the application of stunning settings that stun the birds with the certainty that they are not killed by the stunning procedure. In one slaughterhouse only Kosher slaughter was applied, whereas in the other slaughterhouse both Halal and Kosher slaughter were performed.
Survey of Current Practices in Belgian Slaughterhouses (Electrical Stunning/no Stunning)
Eighteen poultry slaughterhouses, representing 90% of the Belgian slaughter capacity, offered to cooperate. Fourteen of these slaughterhouses were visited. The remaining 4 slaughterhouses refused an onsite visit due to a lack of time, shortness of staff, or both, but provided information via phone or e-mail.
Fifteen slaughterhouses used the electrical waterbath as stunning method, one applied head-only stunning, one other applied dry stunning, and the remaining one did not apply stunning (religious reasons).
Shackling In the majority of slaughterhouses (n = 15/18), the animals were manually uncrated, whereas an automated system was used for this purpose in 3 abattoirs. In 16 of the 18 slaughterhouses, the animals were shackled prior to stunning. The place on the slaughter line where the birds were shackled was mostly rectilinear (n = 13/16), although there were a few slaughterhouses that used a carrousel system (n = 3/16). In the 2 remaining abattoirs, the animals were only shackled after neck cutting, as the animals were not stunned or the head of the animals was held manually on the stunning device (head-only stunning).
Slaughter Line and Shackles The amount of bends that the shackle line showed between the place where the animals were shackled and the stunning device (the waterbath or the electrically charged metal grid) was 0 (n = 3/16), 1 (n = 4/16), 2 (n = 7/16), and 6 (n = 2/16). In more than 60% of the slaughterhouses (n = 10/16), the slaughter line inclined once or several times before the stunning device (waterbath or electrically charged metal grid) was reached. A limited number of slaughterhouses (n = 5/16) had equipped the slaughter line with a plate against which the breast of the animals could rest in order to reduce wing flapping between the place where the animals are shackled and the stunning device.
All shackles were made from stainless steel. The distance between the shackles (measured near the point of attachment on the slaughter line) measured 15 cm (6 inch), 18 cm (7 inch), 20 cm (8 inch), or 23 cm (9 inch) and in case of turkeys 28 cm (11 inch). None of the shackles had the possibility to be adjusted to the size of the shanks in case multiple types of poultry were slaughtered. The distance between the place where the animals were shackled and the stunning device varied from 1.98 to 29.00 m. The time needed to bridge this distance measured 10 to 130 s, which resulted in a slaughter speed of 0.02 to 0.47 m/s (Table 1) .
Electrical Waterbath There were 15 slaughterhouses that applied electrical waterbath stunning. . These different types of waterbaths showed a large variation in length, age, number of animals simultaneously having contact with the water, and the duration of contact with the water (Table 2) . With the exception of one abattoir, the height of the electrical waterbath could be adjusted as a function of the size of the animals that were about to be stunned. Although this possibility was available in all but one slaughterhouse, there were a number of abattoirs (n = 6/15) that never adjusted the height of the waterbath. Measures to prevent pre-stun electric shocks at the beginning of the waterbath were taken in 5 of the 15 slaughterhouses. These preventive measures included a steep entrance ramp, a plate under which the excessive water could flow away, or the slaughter Table 1 . Distance from the location of shackling to that of stunning, time needed to bridge this distance, the resulting slaughter speed, and the time between leaving the stunning device and the neck cut. n/a 7 n/a n/a 2 18 5 n/a n/a n/a n/a line that descended steeply right above the entrance of the waterbath. In one slaughterhouse, an arbitrary amount of salt was added to the water in order to improve the conductivity. This was added once at the beginning of slaughter and was not repeated during the rest of day.
The water level was maintained by means of a float (n = 5/15) or by a continuously running tap (n = 10/15).
The applied electrical current type was pulsed DC (n = 5/15) or AC (n = 3/15). In approximately half of the abattoirs, the applied electrical current type was unknown to the people working with the electrical waterbath. When AC was used, a square or sine waveform was applied. Details about the used settings are shown in Table 2 .
Head-only Stunning In the slaughterhouse where the animals were stunned by holding their heads on the electrical stunning device, the contact time with this device measured 4 s. The set voltage was 85 V, but the resulting electrical current could not be verified due to the absence of a display on the stunning device. After the animals were stunned, it took 2 s until the neck was cut. The neck cut was performed manually and bilaterally.
Dry Stunning In the slaughterhouse where the animals were stunned by passing with their heads across an electrically charged metal grid, the contact time with this device measured 15 s. The set voltage was 80 V, but information about the resulting electrical current was not available. After the animals were stunned, it took 10 s until its neck was cut. Like the head-only stunning method, the neck cut was performed manually and bilaterally.
Neck Cutting after Electrical Waterbath Stunning After leaving the waterbath, it took 7 to 40 s until the neck was cut (Table 1 ). In 5 of the 15 slaughterhouses that applied electrical waterbath stunning, the neck cut was performed mechanically, whereas in more than half of the abattoirs (n = 8/15) this was done manually. In 2 of the 15 slaughterhouses, the neck was cut manually or mechanically, depending on whether the slaughter was performed ritually or not. In case of a mechanical neck cut, there was always a minimum of 1 person present in order to check the cut and, if necessary, to repeat it. In general, the neck cut was performed bilaterally (n = 11/15).
Adjustment and Registration of the Settings A total of 17 slaughterhouses applied electrical stunning (electrical waterbath, head-only, or dry stunning). In more than half of these slaughterhouses (n = 9/17), the settings were occasionally changed. Reasons for adjustments were, for example, the slaughter of different poultry types or the fact that a difference was made between heavy and light animals. In turkeys, separate settings were used for males and females and the weight within each sex was also taken into account. Other reasons for adjusting one or more parameters were the observation of an increased incidence of carcass damage (e.g., haemorrhages) or too many animals being insufficiently stunned. However, when changes were made, almost exclusively the voltage was adjusted while the frequency was maintained. More than half of the abattoirs (n = 9/17) registered the data on the settings that were applied. In general, these data were written down at the beginning of slaughter and in about half of the slaughterhouses these data were also checked during the rest of the day, often when passing the equipment or when it was necessary to adjust the settings. The recorded data were stored for several years. Some slaughterhouses (n = 3/17) had recently started with this registration, whereas this was already a part of the routine for years in others (n = 6/17).
Ritual Slaughter In about 55% of the abattoirs (n = 10/18), religious slaughter was applied, either exclusively or in combination with non-religious slaughter. A (mild) stun was accepted by most of the customers, with the exception of one slaughterhouse where the animals had to be slaughtered without prior stunning (religious reasons). A prerequisite for these customers was that the animals were not killed by the stunning procedure. It was therefore regularly checked, by personnel of the abattoir, whether the animals regained consciousness after the performed stun. To assess this, they regularly removed a bird from the slaughter line, placed it on the ground, and waited until the bird could stand on its feet again. With the exception of 2 slaughterhouses, neck cutting was performed manually when religious slaughter was applied.
Monitoring of Unconsciousness In 7 of the 18 slaughterhouses, unconsciousness was not monitored. In abattoirs where this did happen, it appeared that the moment (after leaving the stunning device or after neck cutting) and frequency of controls varied. Monitoring was usually performed by the "animal welfare officer," but sometimes other staff members also assessed the stunning result, although they had not received an official training for that. The following criteria were used most to assess unconsciousness: no movement, no breathing, no blinking, no corneal reflex, no response to comb pinching, no neck tension, and no wing flapping. None of the slaughterhouses used the same combination of parameters for the assessment. Absence of rhythmic breathing was the most important parameter for most of the abattoirs. However, this criterion was not maintained within each slaughterhouse.
Survival Rate after Electrical Waterbath Stunning
A total of 1,400 birds was tested (in slaughterhouse 16, 2 different waterbaths were used and for each waterbath 100 animals were tested): 500 5-wk-old broilers, 499 6-wk-old broilers, 100 white laying hens (Lohmann Selected Leghorn; LSL), 201 brown laying hens (ISA brown; ISA), and 100 broiler breeders. The visited slaughterhouses, the applied technical settings of the electrical waterbath, and the corresponding survival rate after stunning are shown in Table 3 . The survival rate ranged from 96.0 to 100%, 97.0 to 100%, 68.0%, 72.0 to 85.1%, and 5.6 to 52.4% in 5-wk-old broilers, 6-wk-old broilers, LSL laying hens, ISA laying hens, and broiler breeders, respectively. When frequencies higher than or equal to 1,100 and 1,200 Hz were applied, the survival rate measured 100% in 5-wk-old broilers and 6-wk-old broilers, respectively. Within the ISA laying hens, a frequency of 50 Hz resulted in less birds surviving the electrical stunning procedure. All tested LSL laying hens were stunned with a frequency of 50 Hz and this also resulted in a lower survival rate. Within the broiler breeders, a higher electrical current per animal resulted in less animals surviving the waterbath. All slaughterhouses used the same settings when we determined survival rate compared to the settings during the survey study, except for 2 slaughterhouses (3 and 6) that had installed a new electrical waterbath installation. In addition, one of those 2 slaughterhouses changed their electrical waterbath equipment again inbetween 2 visits during the survival rate data collection.
During the registration of the technical settings in slaughterhouses 2 and 7, it became clear that the applied electrical current type was AC and not DC, as it had previously been communicated by the slaughterhouses during the survey study.
As shown in Table 3 , based on the average values across all animals tested, only slaughterhouses 6 and 7 seemed to fulfill the requirements of the European Regulation 1099/2009 regarding the minimum electrical current per animal depending on the applied frequency level. However, the legislation requires that every chicken receives a minimum average electrical current. When examining the data in detail, the percentage of animals not receiving the required minimum electrical current was 0% in broiler breeders and laying hens, and ranged from 0 to 2.6% in broilers. To verify this finding of broilers not receiving the required minimum electrical current, measurements on 100 animals per type of bird were repeated in those 2 slaughterhouses (Table 4) . It should be noted that both slaughterhouses applied different settings compared to the first set of measurements. Similar to the original findings, based on the average electrical current per animal, calculated for all the data within each poultry type and slaughterhouse, both slaughterhouses attained the legal requirements, with the exception of 5-wk-old broilers in slaughterhouse 7. When examining the distribution of the data on estimated electrical current per animal, we found that 37.9% (5-wk-old broilers in slaughterhouse 6), 28.8% (6-wk-old broilers in slaughterhouse 6), and 7.1% (6-wk-old broilers in slaughterhouse 7) of Table 4 . Technical settings (electrical current type AC/DC, voltage, frequency, and resulting average electrical current through the animal) of the electrical waterbath applied in slaughterhouses 6 and 7 during the second visit for each broiler type and the corresponding survival rate. 
DISCUSSION
Inventory of Poultry Slaughterhouses
Although several stunning methods are authorized according to European legislation, the majority of Belgian poultry slaughterhouses (72%) used the electrical waterbath that is still the most commonly used commercial stunning method in Europe (European Commission, 2013) . Other stunning methods were gas stunning (13%), head-only stunning (6%), and dry stunning (3%). In the present study, head-only stunning was only applied in small slaughterhouses as this particular method, where the head of the bird is placed manually in contact with the 2 electrodes, cannot be performed in slaughterhouses with a high slaughter capacity. In recent years, this method has been adapted for use in commercial slaughterhouses: head-only stunning using cone-shaped restrainers and a head-only waterbath stunning system Lines et al., 2011; European Commission, 2013) , but none of the Belgian poultry slaughterhouses applied this type of stunning.
Ritual slaughter was applied in a substantial number of the slaughterhouses (43%), but 83% of the customers of these abattoirs allowed stunning before slaughter. Only 2 of the 28 slaughterhouses that were included in the inventory did not apply stunning. A study performed in Italy investigated the prevalence of religious slaughter in slaughterhouses for cattle, small ruminants, and poultry (Cenci-Goga et al., 2010) . They reported that 1.31% of poultry were slaughtered without stunning, but this result may not be representative for the entire country as only 18% of all Italian slaughterhouses participated in the study. Velarde et al. (2014) evaluated current practices during religious slaughter in selected countries. They visited 6 poultry slaughterhouses (3 in Germany, 2 in Spain, and 1 in Italy) of which 5 applied stunning, either by the electrical waterbath or by exposing the animals to a gas mixture.
Survey of Current Practices in Belgian Slaughterhouses
A large variation with regard to the use of electrical waterbath stunning was seen, and previous studies have shown that some waterbath types or settings are more efficient compared to others (Sparrey et al., 1993; Wilkins et al., 1999; Raj et al., 2006a,c) . A survey performed in the Netherlands showed a large variation among Dutch poultry slaughterhouses in terms of dimensions of the waterbath, the applied voltage and frequency, the resulting electrical current, and the exposure time . The electrical waterbaths in Belgian poultry slaughterhouses differed in terms of manufacturer, length of the waterbath, number of animals simultaneously in the bath, etc. Also, the applied technical settings showed a large variation, with both the voltage and frequency settings ranging from low to high (26 to 150 V and 50 to 1,300 Hz). These variations led to variations in estimated average electrical current per animal. When higher frequencies are used, a higher electrical current is required to induce an affective stun, i.e., sufficient electrical current flowing through the animals (Raj et al., 2006a,c) . Although lower frequencies are more likely to induce an effective stun, they also lead to more carcass defects and thus downgrading (Wilkins et al., 1999) . On the other hand, it could be that even low-frequency pulsed DC causes cardiac arrest in conscious birds that makes the use of it questionable on welfare grounds (Raj et al., 2006a) . Also, European Regulation No 1099/2099 defines stunning as "any intentionally induced process which causes loss of consciousness and sensibility without pain, including any process resulting in instantaneous death." Thus, inducing cardiac arrest in conscious birds is not allowed by Europe (European Union, 2009 ). The use of sine wave AC is more effective in inducing a successful stun compared to pulsed DC because a lower voltage and electrical current can be used to induce unconsciousness (Raj et al., 2006a,c) . All slaughterhouses in the present study used a constant voltage, multiple bird stunner which means that birds entering the waterbath represent parallel resistors and thus receive an electrical current depending on their impedance (Sparrey et al., 1993) . The voltage should be high enough to deliver the recommended minimum average electrical current to each bird and it is the latter factor that is important for inducing an effective stun (Sparrey et al., 1993; EFSA, 2004) . But with a constant voltage stunner, it is possible that some birds receive insufficient electrical current to render them unconscious (Wilkins et al., 1999) . A constant electrical current stunner measures the impedance of the birds and adjusts the voltage in order to deliver the pre-set minimum electrical current to the birds (Sparrey et al., 1993; Wilkins et al., 1999) . Although this is beneficial in terms of animal welfare, this system was not being used in any of the visited slaughterhouses, probably because of the high processing speed that makes it difficult to isolate each bird long enough to deliver the pre-set electrical current, as also previously shown by Bilgili (1999) .
Although it may improve stunning efficiency, salt was added to the water in only 1 slaughterhouse. Research has indicated that addition of salt can improve the electrical conductivity during the first 20 to 30 min of processing which could increase the chances of inducing a successful stun at the start of slaughter. After 30 min of slaughter, the resistance of the water in the bath is reduced due to dirt and fecal matter originating from the birds passing through (Perez-Palacios and Wotton, 2006) .
That certain personnel of an abattoir are knowledgeable about the technical details of the installed waterbath equipment is important when aiming at delivering an effective stun. Although EFSA has already recommended that the electrical current type (including the waveform), the frequency, and the minimum electrical current for each bird should be included in the European Regulation, only the frequency and the minimum electrical current were included (EFSA, 2004) . Addition of the electrical current type could not only be beneficial for the standardization of technical settings in all poultry slaughterhouses, it could also improve the knowledge of the used equipment as in about half of the slaughterhouses, the applied electrical current type was unknown to the people working with the electrical waterbath. Alternating current, as already mentioned, is more effective compared to DC (Raj et al., 2006a,c) , which means that the required voltage to induce unconsciousness depends on the applied electrical current type.
The configuration of the shackles and slaughter line can have an influence on the occurrence of wing flapping. The space that is foreseen for the shanks on the shackles could not be adjusted to the size of the birds in the visited slaughterhouses although several of them slaughtered multiple poultry types or different ages or both. A study performed by Gentle and Tilston (2000) already demonstrated that shackling is painful. Therefore, when large-size birds are shackled they will experience more pressure on their shanks, which may cause more wing flapping, because these animals experience more pain (Gentle and Tilston, 2000) . In most of the visited abattoirs the slaughter line showed one or several bends between the place where the birds were shackled and the stunning device which may lead to an increase in wing flapping (Gregory and Bell, 1987) . Although in more than half of the slaughterhouses visited in our study gradual inclines in the line were seen, this should not lead to an increase in wing flapping according to Gregory and Bell (1987) . Because wing flapping could lead to birds missing the waterbath or experiencing pre-stun electric shocks (Gregory, 1989) , EFSA (2004) has recommended a time interval of 12 s between the moment of shackling and stunning to reduce the prevalence and duration of wing flapping. Except for 1 slaughterhouse, the time interval between shackling and stunning always exceeded this 12 s.
The prevalence of wing flapping itself was not evaluated during the present study.
European Regulation No 1099/2009 requires that slaughterhouses monitor the efficiency of stunning and prescribes several conditions with regard to the waterbath equipment: birds may not hang on the shackles for longer than 1 min when they are still conscious, the waterbath should be provided by an electrically insulated entry ramp, overflow of water at the entrance of the waterbath should be prevented, the height of the waterbath needs to be adjustable to the size of the birds, and there has to be a system that makes contact with the breast of the birds to prevent wing flapping from the moment of shackling until the entrance of the waterbath (European Union, 2009). Several slaughterhouses did not fulfill one or more of these criteria. However, it should be noted that until 2019 December 8 these conditions only apply to new slaughterhouses or to new equipment that is installed in already existing slaughterhouses.
The European Regulation also requires that slaughterhouses monitor the efficiency of stunning but do not state which indicators they should use for this purpose (European Union, 2009 ). When such monitoring took place in the visited slaughterhouses, a variety of parameters were used to assess unconsciousness in the birds, without any kind of uniformity between the slaughterhouses.
In the majority of the slaughterhouses, the neck cut was performed bilaterally resulting in severing of the major blood vessels to the brain, and consequently the birds die through loss of blood supply to the brain (EFSA, 2012) . In the remaining slaughterhouses, only 1 jugular vein and 1 carotid artery were severed (unilateral neck cut). Although it was not observed in the present study, cutting the back of the neck is another alternative in which case one or more vertebral arteries are severed, but none of the carotid arteries are severed that increases the risk of resumption of consciousness during bleeding, and the time needed to kill the birds is relatively long (Gregory and Wotton, 1986; Gregory, 1998) . When comparing an unilateral cut with a bilateral cut, severing both carotid arteries is preferred as the onset of brain failure is faster (Gregory and Wotton, 1986) 
Survival Rate after Electrical Waterbath Stunning
It was clear that a lot of variation existed in the amount of electrical current, not only between slaughterhouses but also between the visits to the same slaughterhouse. When electrical waterbath stunning is being applied, the European Regulation No 1099/2009 prescribes that each chicken has to receive a minimum average electrical current of 100, 150, or 200 mA when frequencies of less than 200 Hz, from 200 to 400 Hz, or from 400 to 1,500 Hz are used, respectively (European Union, 2009). When considering the average electrical current of all tested animals within a certain poultry type and slaughterhouse, only 2 slaughterhouses currently seem to reach this legal requirement. However, the individual data showed a large spread, and a certain proportion of the broilers in these 2 slaughterhouses received an electrical current that was below the required minimum level. Only the broiler breeders and ISA laying hens in one of these 2 slaughterhouses all received an electrical current level that attained the European requirements. A possible explanation for this observation could be that most of the broilers in the visited slaughterhouses were ritually slaughtered, implying that technical settings were selected to induce unconsciousness in the animals without killing them. On the other hand, all the broiler breeders and laying hens were not ritually slaughtered, possibly explaining why they received a higher electrical current. Because high voltages or low frequencies are associated with more carcass quality defects (Barbut, 2002) , it could be that slaughterhouses applied milder stunning settings for broilers than for both laying hens and broiler breeders.
According to the same regulation, animals need to be exposed to the electrical current for a minimum duration of 4 s. All visited slaughterhouses in this study met that requirement.
In the present study, the survival rate ranged from 96 to 100%, 97 to 100%, 68%, 72 to 85%, and 6 to 52% in 5-wk-old broilers, 6-wk-old broilers, LSL laying hens, ISA laying hens, and broiler breeders, respectively. The mortality rate, due to electrical stunning, reported in previous studies showed a wide range from 0 to 99% in both broilers and laying hens Wotton, 1987, 1994; Gregory et al., 1991; Wilkins et al., 1998; Raj et al., 2006b; Hindle et al., 2010) . As already mentioned above, the observed high survival rate in broilers in the present study could be due to the fact that a large part was ritually slaughtered or because the settings were chosen in order to obtain an acceptable carcass quality. The application of a frequency of 50 Hz led to a lower survival rate in both LSL and ISA laying hens. Low frequencies are associated with an increased risk of inducing ventricular fibrillation, leading to cardiac arrest (Kettlewell and Hallworth, 1990) . Increasing the stunning current may lead to an increased incidence of ventricular fibrillation (Gregory et al., 1991) , which could explain the lower survival rate in broiler breeders that received a higher average individual electrical current.
General Conclusion
It was concluded that a large variation in slaughter and stunning practices exists among slaughterhouses in Belgium. Further research should explore the effect of the different settings on inducing a successful stun and on carcass quality, and explore if the observed variation also exists in other EU member states.
